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(54) Method and apparatus for electrostatic powder coating 



(57) An electrostatic powder coating method 
whereby free ions in the vicinity of a spray gun are 
trapped and the fine powder, which has a particle diam- 
eter of 25 jutm or less, is electrostatically charged and 
applied to the surface of an electrically grounded object 
to be coated. An electrostatic powder coating apparatus 



which is equipped with an electrostatic gun for electro- 
statically charging fine powder, which has a particle 
diameter of 25 \im or less, and spraying the charged fine 
powder to the surface of the electrically grounded object 
to be coated, and a free ion trapping device for trapping 
free ions near the electrostatic gun. 
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Description - ■ 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 1 

The present invention relates to a method and an apparatus for electrostatic powder coating, whereby charged 
powder is electrostatically applied to the surface of an object to be coated, especially an object to be coated which has 
an undercoat insulating layer. 
10 - \ 

Description of the Related Art: 

From the viewpoint of environmental protection, electrostatic powder coating has been attracting attention as a 
nonpolluting coating method to replace solvent coating. The electrostatic powder coating is a method whereby powder, 
is which is carried by air, is sprayed from ah electrostatic gun toward a grounded object to be coated. The powder is charged 
before it is applied to the surface of the object to be coated. The method for charging such powder is divided roughly 
into types: in one type of the method, the powder is charged outside the electrostatic gun after it is sprayed from the 
electrostatic gun; in the other type, the powder is charged inside the electrostatic gun before it is sprayed from the 
electrostatic gun. 

20 A corona gun 1 is known as an electrostatic gun based on the external charging method. The tip of the corona gun 
1 is provided with a pin-shaped corona electrode 2 to which high voltage is applied. An object to be coated 3 is grounded; 
therefore, when corona discharge is given from the tip of the gun 1 toward the object to be coated 3, causing powder to 
be carried by air and sprayed from the gun 1 , the ions generated by the corona discharge adhere to the powder particles 
to charge them. After that, the charged powder particles adhere to the surface of the object to be coated 3 under the 

25 influences exerted by an air stream from the gun 1 and the electric force given along the lines of electric force 4. 

As shown in Fig. 17, however, the lines of electric force 4 are concentrated on a projecting section of the object to 
be coated 3 and very few lines of electric force enter a recessed section due to the Faraday cage effect. Hence, the 
powder particles concentrate on and stick mainly to the projecting section. This means that a powder particle layer 5 is 
formed mostly on the projecting section and it is hardly formed on the recessed section. Further, of the ions produced 

30 by the corona discharge, barely half of them adhere to the powder particles and most ions stay as free ions and move 
along the lines of electric force 4 to adhere to the surface of the object to be coated 3. As the powder particle layer 5 is 
formed on the object to be coated 3, the free ions also accumulate on the object to be coated 3. This causes the surface 
potential of the object to be coated 3 to gradually increase and the transfer efficiency of the powder particles gradually 
decreases with the increasing surface potential. As a result, the intensity of the electrical field in the powder particle 

35 layer 5 increases and when it exceeds the dielectric breakdown electric field intensity level of air, the back ionization 
phenomenon, wherein minute discharge takes place in the powder particle layer 5, happens with a consequent rough 
surface of a coating film. 

A tribogun 9 shown in Fig. 18 is known as an electrostatic gun based on the internal charging method. Powder 
particles which are carried by air in the gun are charged by the friction with a charging material such as resin and after 

40 they are sprayed from the gun 9, they move on an air stream 1 0 and adhere to the surface of the object to be coated 3. 
In the case of the tribogun 9, no electrical field is generated between the gun 9 and the object to be coated 3; therefore, 
the charged powder particles are carried by the air stream 10 to the objected to be coated, without being influenced by 
electrical field. This causes the coating film 5 to be formed also on the recessed section of the object to be coated 3. In 
addition, since there is no electrical field generated between the tribogun 9 and the object to be coated 3, no free ion 

45 problem, which is observed with the corona gun, occurs. 

Even when the tribogun 9 is used, however, a problem may arise. For example, if the object to be coated 3 consists 
of an iron sheet covered with an undercoat insulating layer and if a top coat layer is to be formed on the undercoat 
insulating layer, then forming the charged powder may cause the potential on the surface to rise easily, leading to the 
back ionization phenomenon. There is another problem in which the efficiency of coating on the surface of the object to 

so be coated 3 is lower than it is when the corona gun is used. 

The coating of an automotive body will be described as a typical example of multi-layer coating which includes 
undercoat or the like. A coating film for a motorcar is constituted by three or four multiple layers, the bottom layer being 
an electro-coat over which a primer surfacer and a base coat or a clear top coat are to be formed. The powder coating 
is applicable to the layers other than the electro-coat layer and the metallic base coat. Superimposing such coating films, 

55 however, incurs much more electrostatic restrictions than when coating a metallic object. This leads to such problems 
as lower transfer efficiency and a coating film with rough surface. 

For instance, when a high voltage of approximately -80 kV is applied to a coating gun to coat an object which is 
provided with an undercoat, the surface of the undercoat layer traps the charges of the ions coming from the coating 
gun, causing an increase in the charge density on the surface of the object to.be coated. For this reason, the potential 
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on the surface of the object to be coated reaches a high potential level of a minus few kV and electrostatic repulsion 
takes place between the charged powder particles injected from the coating gun toward the object to be coated, and 
the object to be coated, resulting in lower transfer efficiency. The electrostatic repulsion also takes place between the 
powder accumulated on the object to be coated. This tends to give rise to appearance problems including rough surfaces 
5 of coating. 

Thus, the conventional electrostatic powder coating method presents the problems of the likelihood of the back 
ionization phenomenon which causes rough surfaces of coating films and of low transfer efficiency of the powder coating. 

SUMMARY OF THE INVENTION 

10 

The present invention has been achieved with a view toward solving the above problems. It is an object of the present 
invention to provide a method and an apparatus for electrostatic powder coating, whereby a good-quality coating surface 
cain be formed while improving the transfer efficiency of the powder coating at the same time. 

To this end, according to the present invention, there is provided an electrostatic powder coating method whereby 
is charged powder supplied from a spray gun is applied to the surface of an electrically grounded object to be coated. 
Further, free ions in the vicinity of the spray gun are trapped and fine powder, which has a particle size of 25 jxm or less, 
is electrostatically charged and applied to the surface of the objectto be coated. 

According to the present invention, there is also provided an apparatus for electrostatic powder coating which is 
designed to electrostatically apply charged powder to the surface of an electrically grounded object to be coated. The 
20 apparatus is provided with an electrostatic gun for electrostatically charging fine-particle powder, which has a particle 
size of 25 jim or less, and spraying the charged powder to the surface of an object to be coated, and a free ion trapping 
device for trapping the free ions in the vicinity of the electrostatic gun. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a precharging step in the electrostatic powder coating method of a first embodiment in 
accordance with the present invention; 

Fig. 2 is a diagram showing a coating step in the electrostatic powder coating method of the first embodiment; 
Fig. 3 is a front view showing a free ion trapping device of a corona gun used in the first embodiment; 
30 Fig. 4 is a graph showing the relationship between the ion trapping distance and the transfer efficiency of the free 
ion trapping device; 

Fig. 5 is a graph showing the relationship between the pin layout and the transfer efficiency of the free ion trapping 
device; 

Fig. 6 is a cross-sectional view showing the tip of the nozzle of the spray gun used for the electrostatic powder 
35 coating apparatus in a second embodiment; - 

Fig. 7 and Fig. 8 are cross-sectional views taken along line l-l and line ll-ll, respectively, of Fig. 6; 

Fig. 9 is a diagram showing the structure of the electrostatic powder coating apparatus of a third embodiment; 

Fig. 10 is a front view showing an electrical field generating electrode used in the third embodiment; 

Fig. 11 is a cross-sectional view showing an object to be coated, on which the transfer efficiency was measured in 
40 , the third embodiment; 

Fig. 12 is a diagram showing the structure of the electrostatic powder coating apparatus of a fourth embodiment; 

Fig. 13 is a diagram showing an electrical field generating electrode used in a fifth embodiment; 

Fig. 14 is a diagram showing an electrical field generating electrode used in a sixth embodiment; 

Fig. 15 is a perspective view showing the spraying section of the electrostatic gun used in a seventh embodiment; 
45 Fig. 1 6 is a diagram showing an electrical field generating electrode used in the seventh embodiment; 

Fig. 17 is a schematic diagram showing the coating performed by a conventional corona gun; and 

Fig. 18 is a schematic diagram showing the coating performed by a conventional tribogun. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments of the present invention will be described in conjunction with the accompanying drawings. 
First Embodiment: 

55 The electrostatic powder coating method according to the first embodiment of the present invention will be described 
with reference to Fig. 1 and Fig. 2. 

An object to be coated 13 has an insulating layer 13b as an undercoat layer over the surface of an iron plate 13a 
which is grounded. Before starting the electrostatic coating to deposit a top coat layer on the undercoat insulating layer 
13b, the surface of the undercoat insulating layer 1 3 is exposed to an electrical field by using a corona discharging device 
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30 so as to precharge the surface. Then, powder particles, which have been negatively charged using a corona gun 1 1 
shown in Fig. 2, are deposited on the undercoat insulating layer 13b; therefore, in this step, the undercoat insulating 
layer 13b is precharged with positive potential, i.e. it is precharged in the polarity which is opposite from that of the 
charged powder particles, the corona discharging device 30 is constructed by a corona electrode 31 and a high-voltage 
5 generating device 32 which applies positive high voltage to the corona electrode 31 . 

An appropriate surface potential of the precharged undercoat insulating layer 13b can be selected by changing the 
applied voltage, the discharging distance, the discharging time, etc. ; the surface potential is set for about 200 V to about 
3kV. 

In the next step, the negatively charged powder is deposited on the surface of the undercoat insulating layer 1 3b of 
w the object to be coated 1 3 by using the electrostatic powder coating apparatus shown in Fig. 2 so as to produce the top 
coat layer. The electrostatic powder coating apparatus is equipped with the corona gun 1 1 which employs the external 
charging method. The corona gun 1 1 has a cylindrical gun main body 11a; the central part of the tip of the gun main 
body 1 1 a is provided with a pin-shaped corona electrode 1 2 for generating an electrical field outside the gun 1 1 so as 
to trigger corona discharge. A DC power source 15 connected applies high voltage to the corona electrode 12. A free 
is ion trapping device 16 is provided behind the corona electrode 12 on the outer periphery of the gun main body 1 1a. As 
shown in Fig. 3, the free ion trapping device 16 has four grounded pin-shaped trapping electrodes 17 which are equi- 
distantly installed on the same circumference having the central axis of the corona gun 1 1 as its center. 

First, a high voltage of about -80 kV, for example, is applied from the DC power source 15 to the corona electrode 
12 of the corona gun 1 1 and the corona electrode 12 triggers corona discharge toward the object to be coated 13. At 
20 this time, since the trapping electrodes 1 7 of the free ion trapping device 1 6 are provided near the corona electrode 1 2, 
lines of electric force 18 concentrate on the trapping electrodes 17 and the majority of the free ions generated in the 
vicinity of the corona electrode 1 2 move along the lines of electric force 1 8 and they are trapped by the trapping electrodes 
17. 

Under the condition stated above, when the power, which has a particle size of 25 jim or less, is carried by air and 
25 injected from the corona gun 1 1 , the negative ions produced by the corona discharge adhere to the powder particles to 
negatively charge the powder particles, the negatively charged powder particles are guided primarily by an air stream 
to the object to be coated 13 and they adhere to the surface of the undercoat insulating layer 13b of the object to be 
coated 13. 

At this time, the positive charge constituting the surface potential of the undercoat insulating layer 13b and the 
30 negative charge of the charged powder particles countervail each other for neutralization, thus preventing the coated 
surface from developing such a high voltage that may cause back ionization. This allows a coating film with outstanding 
finish to be produced. To ensure the formation of a smooth coating film surface, it is preferable to use fine powder which 
has a particle diameter of 5 to 20 jxm as the powder. 

Since many free ions are trapped by the free ion trapping device 16, the number of the free ions directed toward 
35 the object to be coated 13 is markedly decreased, making it possible to prevent adverse influences attributable to free 
ions. 

The undercoat insulating layer 1 3b may consist of two or more multiple layers rather than a single layer. 
Coating was carried out with different ion trapping distances D1 between the tip of the corona electrode 12 and the 
tips of the trapping electrodes 1 7 shown in Fig. 2. The measurement results of the transfer efficiency obtained with the 

40 different distances D1 are shown in Fig. 4. The gun voltage applied to the corona electrode 12 was set to : 80 kV, the 
distance between the tip of the corona electrode 12 and the object to be coated 13 was set to 200 mm, the powder 
feedrate was set to 75 g/min. , and diameter D2 of the circle wherein the trapping electrodes 1 7 were installed as shown 
in Fig. 3 was set to 154 mm. The measurement results have revealed that good transfer efficiency is obtained at ion 
trapping distance D1 of 100 to 200 mm and that approximately 1 50 mm, in particular, provides the best result. 

45 Further, coating was carried out under different layouts of the trapping electrodes 1 7 of the free ion trapping apparatus 
16. namely, A1 to A5. The measurement results of the transfer efficiency obtained under the different layouts are shown 
in Fig. 5. These layouts A1 to A5 differ in diameter D2 of the circle and in the number of the trapping electrodes as shown 
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in Table 1 given below. 



Table 1 



Layout 


Circle Diameter D2 (mm) 


Number of Trapping Electrodes 


A1 


80 


4 


A2 


100 


4 


A3 


125 


4 


A4 


154 


4 


A5 


154 


8 



is For the purpose of this measurement, the gun voltage applied to the corona electrode 12 was set to -80 kV, the 
distance between the tip of the corona electrode 1 2 and the object to be coated 1 3 was set to 200 mm, and the discharge 
of the powder was set to 75 g/min. The measurement results have revealed that diameter D2 of the circle on which the 
trapping electrodes 1 7 are laid out preferably ranges from 1 00 to 200 mm and that the best transfer efficiency is obtained 
at 154 mm in particular. No marked difference was observed in the results of the measurement performed with four 

20 trapping electrodes 17 and eight trapping electrodes 17, respectively. 

Although the trapping electrodes 1 7 are grounded in this embodiment, a DC power supply may be provided to apply 
a potential to the trapping electrodes 17. 

Second Embodiment: - 

25 - 

It is possible to apply a powder, which has a particle diameter of 25 fim or less, preferably 5 to 20 \xm, by using the 
electrostatic powder coating apparatus shown in Fig. 6. A nbzzle tip GN connected to a spray gun main body 1 10 is 
constructed by electrode covers 101a, 101b, and i01c which respectively incorporate protective resistors for safety, an 
inner cylinder 102 to which the electrode cover 101b is fixed with an electrode supporting member 103, a diffuser 104 

30 which also serves as an electrode tip cover, a corona electrode 1 05 which is exposed 1 to 2 mm from the electrode tip 
cover 104, and an outer cylinder 106. 

The electrode covers 101a and 101b and the diffuser 104 are inserted in a power channel FR of the nozzle tip GN; 
the distal end of the diffuser 104 is located in a nozzle aperture 107. A section L of the powder channel FR where these 
members 1 01 a, 1 01 b, and 1 04 are installed is made narrower. 

35 The vertical cross-sectional area in the section L for carrying the coating is made 1 0% to 50% smaller than the radial 
cross-sectional area of a coating approach tube 109 so that the coating carrying speed increases in the section L. The 
side surface of the inner cylinder 102 is provided with a plurality of vortex air inlets 108a and 108b which are formed in 
the tangential direction with respect to the powder channel FR as shown in Fig. 7 and Fig. 8. An intersecting angle of 
the inlets 108a or 108b which are adjacent to each other is set to an appropriate value, e.g. to 60 degrees. 

40 During a coating operation, compressed air A is supplied through the vortex air inlets 108a and 108b, which com- 
municate with the powder approach tube 109, in order to clean the electrode cover 101c and the electrode supporting 
member 103. 

Further, the free ion trapping device 1 6, which has a plurality of grounded trapping electrodes 1 7, is provided around 
the outer periphery of the electrostatic gun main body 110. 

45 A high voltage of approximately -80 kV, for example, is applied to the corona electrode 1 05 and the corona electrode 
105 triggers corona discharge toward an object to be coated. At this time, the lines of electric force are concentrated 
onto the trapping electrodes 17 and most of the free ions generated in the vicinity of the corona electrode 105 move 
along the lines of electric force and they are trapped by the trapping electrodes 17. 

Under such a condition, fine-particle powder G having a particle diameter of 25 fim or less is carried into the channel 

so FR by carrying air H and compressed air A is supplied through the vortex air inlets 108a and 108b. This causes the 
conveying air H to turn into a flow of vortex air S around the central axis of the nozzle tip GN. The stream S is accelerated 
due to the smaller aperture cross-sectional area in the section L, then it collides with the diffuser 104 which spreads 
conically. This causes the aggregated fine-particle G to be crushed and dispersed before it is sprayed through the nozzle 
aperture 1 07. The fine-particle G is negatively charged by the negative ions generated by the corona discharge, then it 

55 is sprayed to the object to be coated, thus producing a uniform coating film. 
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Third Embodiment: 

Fig. 9 shows the structure of an electrostatic powder coating apparatus according to the third embodiment The 
third embodiment has an electrical field generating electrode 21 which is provided between the corona gun 1 1 and the 
s object to be coated 1 3 in the apparatus of the first embodiment shown in Fig. 2. The electrical field generating electrode 

21 has a plurality of annular electrode members 23 which are laid out concentrically on the surface of an insulating plate 

22 with an aperture 22a formed in the center thereof as illustrated in Fig. 1 0. These annular electrode members 23 are 
electrically connected with each other and also connected to a DC power supply 24 as shown in Fig. 9. The DC power 
supply 24 is connected to the annular electrode members 23 in a polarity which provides such an electrical field that 

w causes the powder particles charged by the corona gun 1 1 are attracted to the object to be coated 13, i.e. in the same 
polarity as that of the DC power supply 1 5 connected to the corona electrode 1 2 of the corona gun 1 1 . 

The operation of the third embodiment will now be described. First, the DC power supply 15 applies a high voltage 
of about -80 kV, for example, to the corona electrode 12 of the corona gun 11 and the corona electrode 12 triggers 
corona discharge toward the object to be coated 13. At this time, the lines of electric force 18 concentrate onto the 

15 trapping electrodes 1 7 and most of the free ions generated near the corona electrode 1 2 move along the lines of electric 
force 18 until they are trapped by the trapping electrodes 1 7. Further, a potential of about -20 kVto about -40 kV is applied 
from the DC power supply 24 to the plurality of annular electrode members 23 of the electrical field generating electrode 
21 . thereby generating a nearly uniform electrical field between the electrical field generating electrode 21 and the object 
to be coated 13. 

20 When the powder is carried by air and injected from the corona gun 1 1 under such a condition, the ions produced 
by the corona discharge adhere to the powder particles to charge the powder particles which then move primarily on 
an air stream toward the electrical field generating electrode 21 . In this way, the charged powder particles pass through 
the aperture 22a of the insulating plate 22 of the electrical field generating electrode 21 and are attracted to the object 
to be coated 13 under the influences exerted by the electrical field produced between the electrical field generating 

25 electrode 21 and the object to be coated 1 3, thereby adhering to the surface of the object to be coated 1 3. 

The third embodiment provides the following advantages: the number of free ions moving toward the object to be 
coated 13 is markedly reduced due to the presence of the free ion trapping device 16; the deterioration in the transfer 
efficiency due to an increase of the surface potential of the object to be coated 13 and the rough surface of a coating 
film caused by the back ionization phenomenon can be prevented; and the electrical field which is provided between 

30 the electrical field generating electrode 21 and the object to be coated 13 and which attracts charged powder particles 
makes it possible to improve the efficiency of coating the surface of the object to be coated 1 3 even if the number of free 
ions is decreased. 

A single wide planar electrode member may be used in place of the plurality of annular electrode members 23 of 
the electrical field generating electrode 21 . 

35 Using the coating apparatus of the third embodiment, the transfer efficiency was measured under different values 
of potential E applied to the electrical field generating electrode 21 . As shown in Fig. 1 1 , the object to be coated 1 3 had 
a primer surfacer layer 1 3c which was comprised of a polyester powder and which was formed via the electrocoat layer 
13b over the iron plate 13a. A top coat layer 13d composed of an acrylic resin powder, which had a mean particle 
diameter of 10 |im, was formed on the primer surfacer layer 13c. The top coat layer 13d was formed under five different 

40 conditions 1 to 5 using the corona gun 1 1 . Only under condition 1 , the measurement was performed without using the 
free ion trapping device 16. The voltage -80 kV applied to the corona electrode and the discharge 75.2 g/min. of the 
powder coating were commonly set for all the conditions. In the free ion trapping device 16, the ion trapping distance 
D1 between the tip of the corona electrode 12 and the tips of the trapping electrodes 17 was set to 150 mm and the 
diameter D2 of the circle on which the trapping electrodes 1 7 were installed was set to 1 54 mm. The distance d between 

45 the tip of the corona electrode 12 and the object to be coated was set to 200 mm or 150mm. Table 2 below shows the 
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measurement results of the transfer efficiency. 



Table 2 



10 



Condition 


E(kV) 


Free Ion Trap 


Transfer Efficiency(%) 








d=200mm 


d= 150mm 


1 


0 


Not Used 


68.2 


72.2 


2 


0 


Used 


75.2 


81.0 


3 


-20 


Used 


78.7 




4 . 


-30 ; 


Used 


72.7 




' 5 


-40 


Used 


72.2 





15 

The measurement results reveal that condition 3, wherein the potential of -20 kV was applied to the electrical f ield 
generating electrode, presents the highest transfer efficiency. Electrostatic repulsion was observed under condition 4 
wherein the potential of -30 kV was applied to the electrical field generating electrode and under condition 5 wherein 
20 the potential of -40 kV was applied to the electrical field generating electrode. 

Fourth Embodiment: 

Fig. 12 shows the structure of the electrostatic powder coating apparatus according to the fourth embodiment. The 
25 fourth embodiment differs from the third embodiment in that it employs a tribogun 19, which utilizes f fictional electrifica- 
tion, in place of the corona gun 1 1 . The tribogun 1 9 includes a charging member composed of resin or the like, so that 
powder is charged by the friction with the charging member as it is transferred in the gun. The charging polarity is 
generally dependent on the type of material such as resin which is used as the charging member. For instance, when 
■ a charging member composed of Teflon is employed, the powder particles are charged to the positive polarity. The 
30 tribogun 19 shown in Fig. 12 is designed to charge powder particles to the positive polarity before spraying them. To 
draw the charged powder particles to the object to be coated 13, the DC power supply 24 is connected to the electrical 
field generating electrode 21 so that the polarity may be opposite from that in the case of the third embodiment. 

In the fourth embodiment wherein the positively charged powder particles are used, prior to the electrostatic coating, 
the undercoat insulating layer 13b of the object to be coated is precharged to the negative potential which is opposite 
35 from that of the charged powder particles. 

The positively charged powder, which has been spreyed from the tribogun 19, moves on an air stream toward the 
induction field producing electrode 21 and passes through the aperture 22a of the insulating plate 22 until it reaches the 
induction field generated between the induction field producing electrode 21 and the object to be coated 13. The powder 
particles are drawn to the object to be coated 1 3 due to the electrical field and they adhere to the surface of the undercoat 
40 insulating layer 1 3b of the object to be coated 13. N 

At this time, the negative charges constituting the surface potential of the undercoat insulating layer 13b and the 
positive charges of the charged powder particles cancel each other for neutralization. Hence, the coated surface does 
not develop such a high voltage that triggers the back ionization, thus enabling the formation of a coating film with 
outstanding finish. 

45 In the fourth embodiment, the electrical field, which induces charged powder particles, is generated between the 
electrical field generating electrode 21 and the object to be coated 13. This makes it possible to efficiently coat the 
surface of the object to be coated 13 by using the tribogun 19 as the electrostatic gun. 

Fifth Embodiment: 

50 

Fig. 13 shows an electrical field generating electrode 31 of an electrostatic powder coating apparatus according to 
the fifth embodiment. In the electrical field generating electrode 31, annular electrode members 23 are formed on a 
surface 32a of an insulating plate 32 made of a porous material. An air chamber 33 is formed on a rear surface 32b of 
the insulating plate 32, an air supplying device 34 being connected to the air chamber 33. 
55 In the fifth embodiment, compressed air is supplied from the air supplying device 34 to the air chamber 33 during 
coating operation. The air supplied to the air chamber 33 passes through the minute apertures of the porous material 
constituting the insulating plate 32 and comes from the rear surface 32b out to a front surface 32a of the insulating plate 
32, then it is injected toward the object to be coated 13. This air jet keeps the annular electrode members 23 clean at 
all times, thus preventing the charged powder particles from sticking to the surfaces of the annular electrode members 23. 
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As the porous material for the insulating plate 32, a semi-sintered compact of a ceramic, polyethylene or the like 
may be used. Forming an air curtain by the air jetted from the insulating plate 32 to the object to be coated 1 3 makes it 
possible to keep the powder, which is prone to be blown away by the carrying air stream, inside the air curtain, thus 
further contributing to improved transfer efficiency. 

5 

Sixth Embodiment: 

Fig. 14 shows an electrical field generating electrode 41 of an electrostatic powder coating apparatus according to 
the sixth embodiment. In the electrical field generating electrode 41 , a predetermined potential is applied by a DC power 
10 * supply 44 to a plurality of annular electrode members 43 formed on the surface of an insulating plate 42. In addition, an 
AC voltage is applied by an AC power supply 45 across the electrode members 43 which adjoin to each other. This 
. construction enables an electrical field for inducing chairged powder particles to be generated between the electrical 
field generating electrode 41 and the object to be coated 13 by the DC power supply 44. Further, the application of the 
AC voltage across the adjacent annular electrode members 43 causes silent discharge on the surface of the electrical 
15 field generating electrode 41 . The silent discharge prevents the charged powder particles from sticking to the surface 
of the annular electrode members 43. 

Seventh Embodiment: 

20 A gun 52, shown in Fig. 15, for linearly spraying powder is sometimes employed as the spray gun. In this case, 
parallel linear electrode members 53 shown in Fig. 16 may be used in place of the annular electrodes for the electrical 
field generating electrode. 

In the third embodiment to the seventh embodiment, the safety can be improved by using a conductor such as resin 
wire containing carbon which has a resistance of about 100 Mn to 1000 Ma for the electrode members 23, 43, and 53 
25 employed for the electrical field generating electrodes 21,31, and 41 . 

An electrostatic powder coating method whereby free ions in the vicinity of a spray gun are trapped and the fine 
powder, which has a particle diameter of 25 pm or less, is electrostatically charged and applied to the surface of an 
electrically grounded object to be coated. An electrostatic powder coating apparatus which is equipped with an electro- 
static gun for electrostatically charging fine powder, which has a particle diameter of 25 p,m or less, and spraying the 
30 charged fine powder to the surface of the electrically grounded object to be coated, and a free ion trapping device for 
trapping free ions near the electrostatic gun. 

Claims 

35 1. An electrostatic powder coating method for applying charged powder supplied from a spray gun to the surface of 
an electrically grounded object to be coated, comprising the steps of: 
trapping a free ion in the vicinity of the spray gun; and 

electrostatically charging fine powder which has a particle diameter of 25 fim or less and applying it to the 
surface of the object to be coated. 

40 

2. An electrostatic powder coating method according to Claim 1 , wherein charged powder is applied to the surface of 
the object to be coated, the object having an undercoat layer. 

3. An electrostatic powder coating method according to Claim 2, wherein the undercoat layer is a single layer. 
45 ' , .* * ' 

4. An electrostatic powder coating method according to Claim 2, wherein the undercoat layer is a multi-layer of two 
layers or more. 

5. An electrostatic powder coating method according to Claim 2, further comprising the step of precharging the surface 
50 of the undercoat layer by exposing the surface of the object to be coated to an electrical field of a polarity which is 

opposite from that of the charged powder. 

* 

6. An electrostatic powder coating method according to Claim 5, wherein the surface of the undercoat layer of the 
object to be coated is precharged by making use of corona discharge. 

55 

7. An electrostatic powder coating method according to Claim 1 , wherein the fine powder has a particle diameter of 5 
to 20 |xm. 
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8. An electrostatic powder coating method according to Claim 1 , further comprising the step of forming an almost 
uniform induction field for inducing the charged powder to the surface of the object to be coated in the vicinity of the 
surface of the object to be coated. 

5 9. An electrostatic powder coating method according to Claim 1, wherein the powder is supplied from the spray gun 
while the powder is being turned. 

1 0. An electrostatic powder coating apparatus for electrostatically applying charged powder to the surface of an elec- 
trically grounded object to be coated, comprising: 

1 o an electrostatic gun for electrostatically charging fine powder, which has a particle diameter of 25 Jim or less, 

and spraying it to the surface of the object to be coated; and 

a free ion trapping device for trapping a free ion near the electrostatic gun. 

1 1 . An apparatus according to Claim 1 0, wherein the electrostatic gun comprises: 
75 a nozzle for spraying the powder; 

a corona electrode provided on the tip of the nozzle for triggering corona discharge; and 
a first DC power supply for applying high voltage to the corona electrode. 

1 2. An apparatus according to Claim 1 1 , wherein the free ion trapping device includes a plurality of grounded pin-shaped 
20 trapping electrodes provided on ah outer peripheral section of the nozzle behind the corona electrode and equidis- 

tantly laid out on the same circumference centering around an axis which passes through the corona electrode. 

13; An apparatus according to Claim 12, wherein the trapping electrodes are disposed so that the distance between 
the tip of the corona electrode and the tips of the trapping electrodes becomes 1 00 to 200 mm. 

25 ' '- 

14. An apparatus according to Claim 12, wherein the trapping electrodes are disposed on the same circumference 

measuring 100 to 200 mm in diameter. 

1 5. An apparatus according to Claim 1 2, wherein the number of the trapping electrodes is four or more and the distance 
30 between the tip of the corona electrode and tips of the trapping electrodes is 1 20 to 1 50 mm. 

1 6. An apparatus according to Claim 1 1 , wherein the electrostatic gun includes turning and spraying means for spraying 
the powder while turning it around the central axis of the nozzle. 

35 17. An apparatus according to Claim 16, wherein the turning and spraying means comprises: 

means for carrying the powder toward the central axis of the nozzle by using a carrying air stream; and 
means for forming a turning stream by supplying compressed air in the tangential direction in relation to a 
carrying channel for the powder. 

40 1 8. An apparatus according to Claim 1 7, wherein the electrostatic gun includes a conical diffuser provided in a powder 
channel at the tip of the nozzle. 

1 9. An apparatus according to Claim 1 8, wherein the edge of the diffuser is recessed from the tip of the nozzle. 

45 20. An apparatus according to Claim 10, further comprising: 

an electrical field generating electrode disposed between the electrostatic gun and the object to be coated; 

and 

a second DC power supply for generating an electrical field for applying a predetermined potential to the 
electrical field generating electrode to produce an electrical field between the electrical field generating electrode 
so and the object to be coated so as to form an electrical field for guiding the charged powder to the surface of the 
object to be coated. 

21 . An apparatus according to Claim 20, wherein the electrical field generating electrode includes: 

an insulating plate which has an aperture at the center thereof for allowing the powder sprayed from the 
55 electrostatic gun to pass through it; and 

a plurality of annular electrode members which are laid out concentrically on the surface of the insulating plate. 

22. An apparatus according to Claim 21 , further comprising air supplying means for spurting air through the insulating 
plate composed of a porous member from the rear surface to the front surface of the insulating plate. 
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23. An apparatus according to Claim 2 1 , further comprising an AC power supply for applying AC voltage across adjoining 
annular electrode members so as to trigger silent discharge. 

24. An apparatus according to Claim 1 1 , wherein the free ion trapping device includes a plurality of pin-shaped trapping 
electrodes provided on an outer peripheral section of the nozzle behind the corona electrode and equidistantly laid 
out on the same circumference centering around an axis which passes through the corona electrode, and a DC 
power supply for applying a potential to the trapping electrodes. 
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